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An integrating image detector for high energy neutrons.

Chris Morriy, V. Armijo, L.Cl. Atencio, A. Bridge, A. Gavron, G. llan, K, Morley,
T. Mottershead, G.J. Yates, and John Zumbro

Los Alamcs National Laboratory
Los Alamoa, NM 87544, USA.

ABSTRACT

We describe an integrating cathode-pad read-out wire chumber for lmn’ln; high energy neutrons.  This
technotogy aliows construction of a detector with a wide dynamic range (10°), which is gatable, eanily read out,
and provides millimeter scale resolution. Results from a prototype 48 x 48 pixe! array are presented.

1 INTRODUCTION

In this paper we describe the motivation behind the high energy neutron radiography work in Los Alamos, and

describe and present some results from an integrating, imaging detector for high enorgy (30-600 MeV)
neutrons.

Radiography provides a method of non-destructive usvaluation of objects with internal structure.
Quanticatively, lengths, /., through an object can be éxtracted by measuring the artenuation of u penetrating beam
of neutrs| particles such s neutrons or X-rays:

NaNe o, A,--l-}"—. n

Where Nyqr.) In the incldent flux, Nrx.v) is the transmitted flux, A, are mean free paths, and /i(x,)) aro a set of
lengths of materials in the object beling radiographed. [deally, if contritutions from detectors and other sources
of error are ignared, the precision of the measurement can be evaluated in terms of the Polsson statistics
asxoclated wit the tranamitted thax, For a single component material Fqn.. | reduces to:

1%, v)= A m(-'-v-(i‘i’—). )

Nole, y)
and the error In [ is given by:
dl
Al ) = = AN(Y, 3),
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Whora we have applied the Qaussian approximation, spproprinte for large numbers, to ret the ervor In the
trunsimitted N, and we have ignored the fluctustions in the incident Nux  An optimum A fir radiographing an
uhject of a given thickness can be calculated by taking the derivative of dira,») with reapect to A and setitng it
equal io zero  Iis pives:
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The advanage of neutions for sadiographing thick objects becomen immediately apparent when one compares
the maxkmum mean free paths of photons with those of high enetgy neutrony (n different media  This
cotnparinon I precent in table 1) for a high-Z and a fuw / material,



Table §. Mean fieo paths for photons, 4., and ncutrons, Ay,

Material A My . -
(gm/em’) (gm/em’) T

Li 20 LY ’

U 20 120 -

“wer feature of high energy neutron radiography which is useful for our particular application is the smalier

P Iow Z materials than for high Z materials. This implies neutrons are especially useful for radiographing low Z
material surrounded by n high Z material oy
High intensity sources of high energy neutrons are available using proton induced spatlation. Good length to

dismeter ratios (/D) are available from spallntion targets. Hiowever, imaging dmctoﬂ{og, Mghmrgy noutrmT
have not been doveloped. "i'l‘l e !
2 DETECTOR

Several issuos drive the design of the detector. The interactions of high energy neutrons are predominatety
due to elastic or quasi-clastic collisions with nucisi. Many of thege internctions produce energetic chaige
particles which can be detected using a varisty of techniques. However, the ranges in most media aro much
longer than the two mm position resolution, needed in our spplication. We avold the position resolution
broadening due to the range of the charged particles by using a thin converter followed by a thin position
sensitive detector. For such a tranymission detector the position resolution nppmxlmuloly given by Ax=ran(é)y,
whete &is tho mean angle st which the charged particles are emitted, and ¢ is the thickness of the converter plus
dotoctor. We have measured mn(a- 4 in a previvus experiment where iracking chambers were used as the
position sonsitive neutron detector.! The detector efficiency, which is also propotional to ¢, and the position
resolution are coupled. The best converter is one with the shortest interaction length. We have vhosen tunysten.
We have used an integrating cathode-pad readiout ghamber for the detectur. In thin detector the positive churge
creoted by avalanches near an anode plane [s collected on a set uf 48x48 conducting pads placed on 2.5 mm
centers on o printed circult board which forms the upstream cathode of the wire chamber. Photographs of the
detector are shown In Figure 1,

The charge deposited on each of the pads in the detector was stored on » 220 pf capacitor, until it was readout
through a multiplexer, an amplifier and into a CAMAC ADC. Leakags currents limited) the readout time to be
lesa than about 10 seconds in order to avoid loosing too much of the signal. The multiplexing was armanged so
that ench of the 48 columns of the detector was multiplexud into a common ADC. In total 48 ADC channels
were used, une for vach row,

Testa of the performnunce of this toehnlquc were made using a single element detector with « protatype uf the
clectronics. Some results uhiained with nn “'Fe X.ray acurce for the integrated charge as a function of counting
tate are shown in Figure 2. The widih of the disribution of the induced charye is compared with the resuit
expected from the Polson distribution expecied frimn counting statintics. Over the measured range there appeans
to be no significant departure fom the result expeciel from u perfect detector, Le., the detector Is quantum
statistics limited,

- e

There (s an additional term in the um.c!cd width when dcm.llnu pmlo.lu for which there are Quctustions 1n
the deposited charge such as nsutrons, ‘Ihe can ho exprassed by relating the effective etTluiency (PNOR),
mewnured by the fluctuation level, to the actual etficiency of the detector (EFF) for regintering an incldent
particle For particles which Induce & mean chargo ¢, With a uctuation of o
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We have measured a/g=/1.67 for the charge distribution in a wire chamber induced by high energy interactions
in a previous experiment.' With a 1.5 mm tungsten converter we expectedEFF=1.3%, and DQE=0.4%

3 RESULTS

We have used the detector in the 30° R beam line at the WNR facility at Los Alamos Neutron Scattering
Center (LANSCE) to image a test object. The dotails of the test object are shown in Figure 3. Data were taken at
a set 9 angles between 0 and 180 dogrees. The object was located about 20 m from the spallation source giving o
flux of about 7x10%cm*/sec. A two hour run was sufticient to obtain 0.1% statistical precesticn in a 2.5%2.5
mm?’ pixel at this flux. The transmitted flux was about 1/S of the incident flux at the center of the object. This
gives a detector quantum efficiency (DQE) of about 3x10* in reasonable agresment with our expectations.

The actual errors in our measurement of the transmitted flux had contributions trom temperature induced
fluctuations in the electronic gain, and beam Intensity-dependent fluctuations in the chamber gain due to build
up of charge on the areas of the cathode circuit board. The residual effects after our bem efforts to corvest for
theso systematic effects limitod the precision of our measurements to about 0.4%. Never the less we have been
uble to wchieve a sensitivity sufficient to clearly observe the offect of the 12.7 mm and the 6.3 mm diameter
holes in the polyethylene inscrt in the test object in single views. This Is shown in Figure 4. In addition a clear
signat of the 3.2 mm dlamoter hole was obtained in the tomographic recunsiruction of the data, suing a filtered
back projection algorithm as can be seen in Figure 8. In to filtersd back projection the object has been
reconstructed using a maximum entropy tomnographic sigorithm, This produced fower artifacts than tho filtered
bach projection. Tho results are displayed in Figure 6.

4 CONCLUSIONS

We have deacribed the construction of an integrating imaging detector for high energy neutrons. We were able
to obtain a DQB of about .4 %. We demonatrated a senaitlvity to structure in a test object at the 0.6% level in
transmitted flux, looking through up 1o 160 gnvem’® of uranium using a white source of spatiation neutrons, We
will continue our work In the next running petlod with a larger Jotactor build on 1.8 mm centers. The new
circult boards will have more copper covernge to avoid the problem with charge build up, and will rotate (he test
object more frequently so that we average over gain instabilities. In sddition we are building a new spalistion
target, with it's axis nligned on the beam lina, In order to increase the L/D ratlo,

s REFERENCES

(1] A. Gavron, et of , contrihution to this conforente

[2) € L Morris, 1, (. Atenclo, G. C. |dzorek, and 8. L. Morms, * Two: Dimenslonal, Rewm-huage
Monitor,"Nucl, Instrum Mathods A 369, 333 (1987),



Multiplexer ~ Wire
Boards chamber Converter piane
- location

High Voltage
(2100 V)

Flgure 1: Photographs ol the detector.
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Figure 2. The width of the induced charge distribution (in ADC cnannels) as o function of number of detected
counts (top axis). The mcasurements were made using an “Fe 6 keV Xeray source. ‘The solld powts are the
stundard deviation {0 (ADC)] of an ADC distribution, which is plotted us 4 function of the peak ADC channel
{X (ANC)). The solid line shows the ctandard deviation expected from counting statistics (the quantum limit).
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Figure 3: A picture of tho tost object. The outer cylinder was 2*U with an outer diameter of 15.24 cm, and &
inner diameter of 7.24 cm. The center Cylinder was fabricated from polyethylene. Thres holes with diameters of

12.7, 6.3 and 3.2 mm were drilled through the cylinder. The beam direction was normal to the axis of the
cylinder.
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Figure 4: Histograms of the rati. of the images made with u polyethylene insert with holes t; one without hol .
The £ scale, displayed at the right, Is 1000 time the ratio  The horizontal and vervical axis are pixel numbor in
2.54 mm steps.
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Figure 5: Results of a filtercd back projection reconstruction made using 9 images (every 20°) alunfiltered,
b)filtered to remove some of the artitacts.
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Figute 6- Resuls of maximum entropy reconstruction of the ulject using the sane % images as in Figure )



